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NAaans (Outcome): NaNAATUNAIUTAsB8RATEN8aN UAINU Tnad1N1saNazas19ANURANANIUS BAS19ANULTN Ta NN U TRy
#1919 LATAUNTINELNT NI aRoRA |G .

WansENU (Impact): Useleviiintunsensiauniiingy awﬂuwammnwawamLLauwaaWﬁIﬂamminmuaswﬂsﬂw Indlnanse

NUABNNTINBIANERS Wionalmiinnsiaunaluladusewinnssuluniumig 9 Vlﬂﬁal,ﬂi‘t‘}%ﬂﬁ] feAu uazdwIndou
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(The Twenty-Seventh Young Scientist Competition: YSC 2026)

ArasulEnanIsAndusausaulItauanadu (seRuiinia) uazsaudevusiad (szAuUssine)

1. msmvmﬂ‘i]mvnuavmmmﬂmmaﬂﬂsum (Problem Formulation and Significance) - 10 Azuuu
warsanfansseylaymuazanudrdgyuenisdnel nande mm’lﬂmsﬁﬂwﬂu‘lﬂsamuumummmﬂm 25Uy
T dnuasuduniiiedos mwﬂvimumﬂmmmamamﬂﬂiﬂiuaqﬂmwsmamsﬂsuanﬁﬂﬂmmvlmﬂwm
WU/MOUAUDY LLaum"hJaﬂ'ﬁmm'm']mwLLaumaUsuaaﬂmaamiﬂﬂm uazmnlasensUsEauAudISIeeiRn
msujaauwdaa/wmmmmmmadsmq ImaLmﬂmaﬂ5'1ulfuaﬂsuﬂﬂwmasuauaauuaumwLsmmﬂmwwaﬂsu
NUMNSIYINT LATugia deau iseAwwandeuatndls

a & a 4 = a o X
ﬂimlﬂuiﬂiﬂﬂ']u’]ﬂ&l'lﬁ'lﬁﬂi (Tﬂsw'mﬂsa:mmwmam) HULEUININIATITNITTEUT AU

ﬁmmms‘ma (Research Problem): 5u‘U‘UiU1/i’]/‘lJ§uLﬂﬂ‘l’iﬁ@ﬂ’)’mmaﬂﬂ"ﬁaﬂwLQW"IULT\]’]JN way
wau‘lmnwanﬁ'}uLuamumamuaLmﬂsuaﬂwwmawm
%ae‘namﬂmwsma%mmammaﬂ (Research/Knowledge Gap): @1115a5% "?Nﬁﬁaauiu,é"a—

9
£ 74

mmm"l,m" ‘1/1LU‘L!ﬂ’]'iLW&Jﬂiuﬂ’Wl’N’J‘U']ﬂ’]’ﬂuﬂ’l‘tj’m’iaﬂﬂﬂEJﬂ’]WGIE]ﬂ']’iU’quJﬂ(?ﬂ‘U
\munen15338 (Research Goal): llﬂﬂﬂ‘m’)‘{lEl/’wm‘l.liuﬁﬂﬂﬂﬁ’aﬂﬂa’aﬂﬂUﬁmW}LLaJUEl\ﬂN@\‘iﬂ
mmwsamm'mmmawm iu*uem34mmu‘mmmsam'i'maauvlwiaivuLLmvmmiLLnﬂmmﬁ
mmsamﬂaaﬂﬂ

a @ a .4 a a ¢, A a [ 4:9{’
AsaldulAsUIAINSSUAIERS (Tﬂsammlizmmmﬂszﬂuﬁ) HLUINNTITNAITUN AU

Usywmna3rnssu (Engineering Problem): muum{]zum/ﬂsuLﬂumammmmmﬂﬂama
AWIZLAIZAY LLauLsuasfllaanwans'lul,ummumasuauaLmﬂsuaﬂwmnmmaa WAZVDULYAVDINTS
e

AUABIN1SUATTRA (Requirements and Limitations): d111505%Y jAsiideanisiivenisudle
ey wazeSureiadesiaiiisades

e sidanssu (Engineering Goal): fithwnefianunsatanauazaenndesiutlymuay

L L4 o @ A o dl 14
AMUNDINTT/VDAINANNTAUA LLﬁ%S%‘QLLU'JVI'NLW@LLm‘ll{jiUu‘Vi’]vLﬂ

2. nsaunuIAnlATIU (Conceptual Framework) — 10 AgLLUU

nasandalwIAnlun1seanLUUAISIARRY/ AULUUdAudenndasnulywvisatlmuneedde dmsulassau
MeFENS F891UNUNSNAABITIENINSAVINTLE AvuRsuUsEY fauusau AUsAIUAL LazsEYIBNSIAY
'msuauawuanavl,ﬂ YuEAlASIUIMINTSUAERS G B IALBLUIAMILANSEBNUUUSULUY nwiaumaNagamAata
AUABUANTWAILN WAZLHUNISNAADU/UTBIUAINGNADY

a & a 4 = a -1
ﬂimlﬂuiﬂiQQ'Iu?VIﬂ']ﬁ']aﬁi (Iﬂiﬂﬂquﬂiﬁlﬂ‘VWIﬁaQQ) HULUINIIATITNITTEUT AU

N1599AULUUIGN15NAAaDY (Methodology Design): asusIsnsuazsuneulunismaaediunde
fovseauuuunufisanduld fvunsauusdu shudsnu faulsmuau lagndssuazivunzay lng
aaﬂﬂaaaﬂuL{]mmwmmiﬁﬂmLLawm'maaﬂmmwsaﬂm'mmmasjmqfu
N1152191HUIYY (Research Plan): uﬂfmwLmumimamLLavaﬁmimaaﬂmﬂsaUﬂauu,avmmw
anlugaeszezandinmun
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(The Twenty-Seventh Young Scientist Competition: YSC 2026)

ﬂ‘iiuLﬂuiﬂiﬂﬂﬁuﬁﬁ’]ﬂiiuﬁﬂﬁﬁi (Iﬂiddﬂuﬂivlﬂmaﬂﬂi"ﬂﬂ'ﬁ) HLUINIINITNIITAUN GN‘IJ,
e N150DNUUUALLUUY (Prototype Design): EJ5°U'1EJ')ﬁﬂ']’iLLﬁu‘lJumEJusluﬂ']iﬁ'i'NLLawﬂ'liE]E]ﬂLL‘U‘U

]
=1

auuulagnieuazinunzay InsaenndesiuiminevssnisAnwnazanunenis/Uedinm
AU

n5119unulAsan1s (Project Plan): finmsdrsiamadonsing q iveazneulanduseutlotlymls
AseUAuULAzIINzaNTuTsEEg IR IviuR

3. ﬂ5u‘U'Juﬂ"liﬂﬂaaﬂﬂ‘iaﬁiﬂﬁﬁﬂﬂiuﬂﬂﬁ (Execution) — 20 AzLLUU
Wmsmwmﬂmmwmaamsmﬂaamsaammﬂsuﬂwsmaaﬂmimami mmesaqmaﬂgummsmaaa/mi
E)E]ﬂLLU‘UvL‘lJﬁ]‘Uﬂ\‘lﬂ']’iU‘UVIﬂNaﬂ']’iVIﬂaEN AATITA LAZAAUNAANS d19SULATINUINIAENS ATNATAUND
ﬂ’)’lllﬂﬂﬁ]ﬂ\i‘ll@\iﬂiu‘U’JUﬂ’]iV]’]\TJ‘W?J']ﬂ"lﬂ(ﬂi ﬂ'ﬁ@@ﬂLL‘U‘Uﬂ'ﬁVIﬂﬂﬂ\‘iﬂﬁ"lil'liﬂﬂ"lem'lﬂ f’l"liﬂ’JUﬂi.lﬁ’JLL‘Ui ﬂ']iLﬂ‘U
%ammmﬂsu'}mmwandlm uazn1shuanm lngamnyaEy ’i’Jlli]\‘lﬂ’]’iE)ﬂU’i']EJNaa‘Wﬁ‘Vl’ﬁE]ﬂF’]ﬁ@\‘lﬂUﬁNNﬁ%’]uuau
’Jiimﬂiilm@']ﬂax‘i ﬁ?ﬂiﬂi\i\?"lﬂ’)ﬂ?ﬂiiﬂﬂ’]ﬁﬂi%uLNUﬂiu‘U’J‘Nﬂ'ﬁVI']\TJﬂ’JﬂiillBEJ'NL‘Lluﬁu‘U‘U mummswmm
AULUU mswmaauuazﬂsmmm VLUiluﬂ\'iﬂ']'i’d?Uﬂ'ﬁVlﬂﬁE]UL“U\‘lLVIF’]UF’]W’iE]N‘UE]ﬁ]']ﬂﬂLLaZLLU']‘VI’N‘US‘UU’::\‘i

a & a o = a -1
nsmtﬂu‘lﬂsqmu'mmmam (Tﬂsw'mﬂszmmmmam) HULEUINIIATITNITTEUT AU

ASEUIUANSINEINEAANERS (Scientific Process): nsnaaasiitinduuandliifiufianssuiunis
mwmmmamﬂmamaauusm

N151Aad4 (Experiment): umsmammﬂmaaﬁlmma 9 Avunzauuazisane fnssusiu
LLau’JLﬂi’]uWUaNaE}Eﬂ\‘lL‘U‘U'iu‘U‘U

NAANSNISNAADY (Experlmental Results): :Jms'sLm'lmwamsmﬂaawLnﬂsuu”l,mamqmmm W@
NSNAABIENLSAVINT LS LLauLLﬁﬂ\‘lﬂ\‘iﬂ’J'lﬁJﬂﬂﬁENLLauLLZLI‘LIEJ']IG]EJU'quJﬂ(?ﬂ‘U’Jﬁﬂ’]iVI’]\‘lﬂmﬁﬂﬂﬁﬂi
Lazanm ag1nuzay

n1senUs1enauasasUuna (Discussion and Conclusion): Nﬂﬂ’iaﬂﬂ’ﬂ&lLLau’d’iUNaﬂTﬁﬂﬂ‘t}’m
aaﬂﬂaaaﬂuLﬂ'mms;l‘uaamsﬂnm LLauummumauaauuauuwmmyau

asaldulAsIUIAINSSUAIANS (Tﬂsammlsummmﬂsmw) uummamswmsmﬂ mu

ASTUIUNISNI9IAINTSU (Engineering Process): Sunuuiiauniunandiaiudnssuiuns
madmInssulaegnsanysal

A1SNAFEUAULUY (Testing): dunvuiinsnadeumeldieulaiivarnuans weawe wavees
Wusguu

HASWSN1SNAADUANUUU (Testing Results): funuuilddulumuiinuipaiildoanwuu 01ef
n1sUszenAldIsnIsnIRdnAansuasann ot wmugEaN

msanﬂswwauauasﬂwa (Discussion and Conclusion): Nﬂﬂi@ﬂ‘d’i’]&lLLauﬁSUNaﬂ'ﬁﬂﬂ‘b}'WI
aonndesiuilmnevesnsine
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Young Scientist Competition

4. AMUARAS19E55A (Creativity) — 20 AZUUY

Rorsandawnaulanininasiuinnssuvesdasing 550838015 nsruIunis weeuianssufitiaue anunse
wmumﬂmms 5 unausyuuasdaymiluguuuuln o maaiwﬂmﬂﬂmwsﬂuLﬂaﬂsqngimmﬂawm UanNaIN
uEN‘lJ’iwLQJLIﬂ\‘l‘Uﬂﬂ?ﬂﬂﬁﬂﬂﬁiﬂiﬂﬂ’liﬂiuEJﬂGﬂ‘UWIﬂUFI 3Bl nsoaAAMuitNaIvliiulAsINg

lagfiuuImianisiansan Faii

° m'mﬂml,su (Originality): anunsafiazadreamasns/msaunu/wuamy/nsanaauuulngly
Sesiiiondnual Geenaludeadusedlmi/ldneiinnsdne Taglduumaiodsnisanusundu
LwammﬂsuaﬂﬂﬁumsLmﬂmwﬂuuswmﬂa

o arwdaulanive (Novelty): @nansaitevadrawadns/nsauny/uwanidng Tnedsluimeiinng
Anwr/Adaueuinay (know-how) 1wy nsaunumaiialntiiiauenizianzes sgelsiny
anuulanlydinesagraunealilavenisusslevil nsildlglaasdduusun wsedinansenu (A9
Tugesfinuan3isu wse Originality #2e)

5. n1saun1wal (Interview) — 25 ASLUY

NTUDINISUEUBLAZ UNAUNUI TUSEUINNTAUN 1WAl mmiaLLammmmwﬂaaﬂmmawumquwﬁ 35
A5 LATNANISNAADY maamuLsuamIENmUmWi'mIﬂsan'ﬁ"lﬂamamuiwu AsAeasheensydu Yaau ToFw
mauﬂ”lmnmmLLaumewﬁmmnummmu N1SABUAININAITASIUTEAU LazasounN1sAALTAININY
wenniSeRo AL IS uaadiiuilassnulidnenmaiuwansenudeasivins

PRAAINNTIU Mi'e]ﬂx‘iﬂll'e]ﬂ']ﬂvl,’i

Taeiiuuamianisiansan fail

° ﬂ';'msl,l,auﬂ'nwzrfla (Knowledge and Understanding): Lm'flwanmiwumumnmmmam
\Aegades uazdnlafensulana Fes1inveInanIsnnans LLaumiaiUwamsmaaw“lmamm
WRNa

o msAeAIsHAZNMISABUAIANY (Communication and Answering): anunsodeansldedal
UszAnSnn Inedinsiaueaniuanau waladne LLau%"lumuﬂiyl,ﬂumﬂmﬂmmwu #19150
Wagurianmsneunavdsiasywinsaundnludialésiuiu naudiawlénsedu daau Sarduaiy
AR LazAINISOIATILILAR

o MsAuNIMAzAULETE (Inquiry and Investigation): finsAnu Auw a51s warduians Mdudasy
dronues Tnednslimuuziiainetassiusnenfivansay

o wWansznu (Potential Impact): nsgntinuazesuialiimanueivasiigurvseiinansenuse
WNTINYIAENT FIAU WaL/W3BIATEFNRE1LS

o M3aYaAIIIY (Further Research): fluuimevseauugiudmiunisdegeniuide/
Iﬂiems‘wuﬂmmw LLauaaﬂﬂamnwanﬁmm

e A158@IU3W (Participation): AU1TNNAUTUNUMKALAINTURAYBUTALIY i lavannsau
uaeazdoavedlasu uasaansaneusnludniiieatedls Aunsaivinnududiv)
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Young Scientist Competition

6. n1sinaualuamas (Poster Presentation) — 10 AZLUY 3
RorsandedeildUssneunsiausuazsyninansdunteal IngRarsanannisdnesdussnautiien Aesune
UM viomssidaounazddulaa aunsasuldinelusveziu T%nSﬂanaaaUsumumﬂmLmu%mm 14
& fdnus wavvesinslaegauna Tﬂamaiwmmswﬂwww Wl TngUszasA 38015 HAAWS uarAMAIYEIlAT
aldnelunandu 9 u,aummsansumuiumﬂumaummmammmaaam

lagiiuumsnnsiiansan Fail

) msfmLimtuamuaun'\Mﬂﬁwﬂu (Content Organization and Writing Style): usﬂuvumsam
Lsmmamuaﬂ%mmmsLsuau’lmzmmaamwafﬂ,’amnsmuaumwammms ”Lsumﬂwmwﬂuﬂvlﬂ
RV FUREZ5 U LLaummsamLauamamvlé"lﬂwumummu liRamuuazitnlalade

* NISUAMINALAZNITIDAUUY (Visualization and DeS|gn) mmsaimﬂmw N3N ”Lmaﬂmm 1A
a3unsUsznoufidalau asAUsTnaUNISNITINING WuUShEsHATUUAGISNYS LLaumiLaaﬂ%a‘w
wnzay fvhlivamesguiaule

e lana1suazgUnsalusenau (Supporting Documents and Materials): flonarswiedeusznauii
alvayunsiEueg 1INz Al LLamsaaﬂJnimmﬁmsmﬂm'mmaaﬂﬂaaan‘uLll'mmamaa
Thsanas

7. nansznuuazkanininiterlau (Potential Impact and Expected Results) - 5 Azuuu

WAISUDINANER (output) NAAWS (outcome) LazNanszNu (impact) mﬂﬂsuumaa‘[ﬂsqmu mnmsmmuﬂsuau
AMuESe asmamwaawsmLmﬂimmmalﬂmﬂmmwmmmqau"lmumnimami 25U18A5N15UsZIEIUAY
du5a mahlUldreven LLauﬂﬂElﬂﬁWI‘lJﬂﬁi‘UEl']ElNam’é)Eﬂ?j YUYY YAAMNTIU UT3IYINT

Taefuuamanisiionsan deil
o lasansmadnagausaisnansenundeiidnenmlunisdoseaetinlugnsldauaidldun
Heaiiieala Ingaunsanasanlaain 3 Useiau Ao

o wawan (Output): Asiierlddutudusuanlasinside Tnsaunsafioslinanuid
AuA wazaaulandanulmvunevedlasinis

o WAAWS (Outcome): wawanﬁuu‘mmmmmaaammaaaﬁlﬂmmm Tnganunsafiazadng
AnuuAneisead e el v nise uavausameunsuseras
anla )

o wansznu (Impact): UselaviiiAaduvianswanniiniu sulunaunanwandnuas
nadns Inwanunsafiazadrassloniiifinansenuonsnisivendans wienelhinnis
waunmaluladuioutanssuludtusng  indeirsughe fau uasdundow
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Young Scientist Competition

Junaunisavn:iieu uazaisdiadunaviudiksutintaus au ysuaauraviu

1. myawzilougidnusznin aunseameidoulanialy Suii 7 AUATINUS 2569 1781 10.00 — 18.00 u.
("luauzum’luaawwau’luwwanuaumum} wsamuu,uuvslasuaumn'\su,amwaimams (Project
Display Approval Form) 1 atiu uazdhede uanmﬂummmﬂmquauuauusm 12Uy o 9A5UTI89U
atuauysal (USanfednuiugaameilen)

2. msmmwamummummua (Uasﬂmmumm“awmau 6 VIT‘ULLﬁﬂ\i) iu ‘UﬁLLﬁﬂ\iNaQ']‘Ll a1l
ms”lmmaﬂu ‘J‘LWI 7 ﬂSJﬂ"I‘W‘L!S 2569 1181 10.00 — 18.00 u. wnuu mumnuawmﬂs"ﬂa‘umsuﬂLaua
T‘UsﬂaﬂLmaummamNaLwamsmmaauwsauuammLauau,avaau'uaua

3. warudwiutaue (saudderiauasing o wu dladtiniaue uiuwu 2av) deaduluaunginmei/ag
521 UUNISHANINANIUY Ima“ﬁmsmqaaauu,a‘"mmuausu'm’[ﬁ’uamwaa'\u g “gnsraaaunis
wananalasenis (Project Display Inspector)” muuuuwasuauummmamwa‘[ﬂiams (Project
Display Approval Form) Tnganunsasniunislénelu Jui 7 m.lmwus 2569 1781 10.00 — 18.00 u.
Wil

*UUILA: 1U5ALHULIIATAINS UNISANAIHAIIULAZAISASIFADUNISHAAINAIIUAEAIIY
SLUNTTII**

4. TunsM59deUMSUAAINALATINTG maTwNnl'lﬂsumﬂmmNaa'mu,auuamaa/aﬂnssuawsumim
GIRY BT ThaSedu mnu*iﬂvmvu'nlsvn'mumm’mmm‘lumsmafaaaumsuamNaiﬂsems o
Tmuaqmwau Nmaaaaummamwa‘[ﬂsami (Project Display Inspector) azlugsysiinauavasrinu
iensvdeusIwazIBun (A9FaE19NBSUNITBYITRNITUANINATATINIG ATUAT4) Iﬂauwm'saaaums
LARIHNAIATING LLﬁ%‘WJ‘VIU’]D‘\!G\S’Jﬁ]ﬂaUﬂ’liLLﬁﬂx‘lNaiﬂ’i\‘iﬂﬂ'i Tun1smsaaaau

5. winiflefinsnavasuudanuit likiuluny “ngLnsuen/ng]s"waumsuamwamu” fisviun azdoad
Usuﬂimsaufﬂm"[masaaun'm‘lunm 18.00 1. Y299UN 7 NUAINUS 2569 Trtuiiy auanmamﬂu

A15UNLAUDHNAIIY Msaaau'uauauavawaama 9 ’\131313’{‘11]’1551’\19\!,!,?19]\1“619]

6. MSASINABUNISUANINALATINTS AzaSVEUNFallafinsasuenarslusuunesuayiRnsuanna
Tassn1s Tnegnsiadaunsuansnalnsents Hantavia/munudignsaunsusenina uasiamtignge
A9UNISUANINALATINTS MINFINU LAZaAIEFUUSHARINAIIY

7. AuaNuninsuanNanuaasdinaunirelitiy 200 cm. aanudnlitiy 150 cm. wazadugalsiviu 200
cm.

8. mmuaﬂnsmﬂsunaummﬂm laidnazdu suamuauLanmsmmuia'umﬂaa ‘VillﬂLEJUﬂiuﬂ']‘l?} AS5INS
ANLHIDS anammﬂa TWuN1E@DINN IMUNIEDINN Uaﬂ‘W’N smmaﬂﬂimmmwu maiuwtm'ﬁwmi
UsENINIALATYIUUINILAULD
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Young Scientist Competition

9. ‘Vi']ﬂNL‘ZJ'TU’iuﬂ’JﬂﬁlﬂﬁNNﬂ\i’]uﬁ’]‘ﬁ'ﬁu‘u’]Lﬁui) LLavaﬂi‘Uﬂ’]'iEJUquﬁﬂ‘ViLLﬁﬂﬂNﬂIﬂ’i\iﬂ'ﬁLLa’J NL‘U'I‘IJ‘iuﬂ'JﬂQu
"lummsamaaumawamuaanmn‘usl,l,amwamu"lﬂan s‘mmmsﬂsmﬂaﬂumauamau,ammanssu
15 LIULG msmaaumaaﬂﬂsmmum LU ADUWIAMDINANT K12 Lﬂumu LLﬁu‘Uu\‘l']u‘Vﬂ%u']LﬁU’e)LWil
HUADAMZNTIUAS Gmblmumsmmaauu,aumumaumm"lmmmwamuum

fregauuunesuauiiin1suaninalasenis (Project Display Approval Form)

uuuwasuayudnisuaavualasvaas (Project Display Approval Form)
A1sUszaaalasvuiuzavdadnerAmianssutend (Young Scientist Competition: YSC)
sauBvsuzlan

sKRalasunas: d1duuys:

1. nnmHamuua.,Ll.amﬂa/aﬂnsmiwsumsuﬂLa'uawmj‘un
mannmmwau'lﬁldaq‘in"mﬂ"mw uﬂ"I.lilQFI'J'llli]‘luvIT‘Hﬂ’ﬁﬂ‘ﬂﬂﬂﬂuﬂ’lﬂlﬂﬂﬂﬂﬂiﬁiiﬂ’ﬁ =
2. Nﬁ‘i‘)i!ﬁﬂ'uﬂ‘]ﬂlﬂﬁﬁhla‘[ﬂ%’ﬁﬂ"ﬁ (Project Display Inspector) a..'liJuagtsmtauauaamu mam'naauﬂua:ﬁun Aail

laiowsi | N/A 5718N1IATIVAIY
A la. aunariuinisuananas (uedaiiaus/qunsaintsuaniuaiu o) desilanuniaslsitiu 200 cm.
Rwdnlidifiy 150 cm. wagaarugslitfiu 200 cm.
O . fiundntodnrauiioulisinauonaiu Tﬁumnuﬁnm annsailanenasliinu 10 atu
O k. usngiasaiensifin/amda i/ unugii/n519/1alA Tudeilddmiuhiaue
Taefasdmsdwdafignasenuemzi (individually)
D. [0 . nauiianes 3le alad tonarssing o inenmsinaue lafunisasesauieuiosud
TnofisvaziBennail o
1) Usziande: 1Susua
2) Ussinnde: Gudaue
3) Uszimile: Gudaud
4) ﬂizmﬂsa: Sudus
5) Ussinnde: Fudug

Y
A.

B. B.

L2
O OO O

o oo
(g]

E. ivsngdsitlioysyravedssiasiha aude 7 uas 8 Tu “nginmisi/ngseideunisuansnasu”
F. wniin1s1g I deadulumude 9 Tu “nginmsi/ngszifuunisuananaau”

6. windimsldiaiad/diawes daadulumuda 10 Tu “ngirnei/ngseiiounsuannasu”
H. winfimsugnanwyed{du desiluuuweiunseymianwsieAalefianudy

I lﬂﬂﬁ"l‘iﬂ‘ivnauﬂ'lﬂ 1 (li‘UUﬂe‘ﬂﬂ’l!ﬁﬂ Ilﬁul.lll'Llﬂﬂiuﬂuﬂ\‘lﬂ'mNl!ﬁﬂﬂ”l‘ﬂﬁ‘iﬁﬂ'\‘iﬂalﬂa‘illﬂv/ EL)

Tasensiidesufunsussnamluniiu 9) filin1snsanseazdunuazaUNUNRSURIY
Auatiuags)

I(@ mm
Ogogo

~|T|@ | m|m
Ooooag
=|T|®|m|m
Ooooag
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Project ID: 24YCSW00485T
Hybrid Graph Attention Network to Improve Cancer Drug Response Prediction

Developer(s) Pawit Kaewnuratchadasorn® Nattawin Yamprasert! Wutthipong Chongchareansanti!
Advisor(s) Sarote Boonseng® Bundit Boonyarit®

! Mahidol Wittayanusorn School, Salaya, Phutthamonthon, Nakhon Pathom

2 Department of Chemistry, Mahidol Wittayanusorn Scheol, Salaya, Phutthamonthon,
Nakhon Pathom

? School of Information Science and Technology, Vidyasirimedhi Institute of Science and

Technology, Payupnal, Wangchan, Rayong

Abstract

Cancer is a major public health problem that has caused over 10 million deaths worldwide
in 2020. Precision oncology, which employs a patient's genetic profile of tumors to identify the most
effective drugs, has played an important role in cancer treatment. However, this process requires
advanced tools, extensive time, and considerable cost. Currently, deep learning significantly
contributes to addressing these challenges. Most existing deep learning models rely on the chemical
structure of drugs and multi-omics data to predict cancer drug responses. However, these models
exclude the chemical functional groups of drugs that are key to drug design and development.
Therefore, we herein developed CANDraGAT, a deep learning model implementing a fragment-based
graph attention network to emphasize the molecular features of drugs and deep neural networks

for multi-omics data.

The result shows that CANDraGAT outperforms state-of-the-art and baseline methods in
both regression and classification tasks. Our model effectively anticipates unknown cancer drug
response values corresponding to protein-protein interaction and gene set enrichment analysis of
cancer pathways. Moreover, the model is applicable to solve real-world preblems, as validated by
TCGA patients' data. The interpretation of CANDraGAT provides important gene mutation profiles to
explore potential cancer pathways and drug targets further. Our strategy may help clinicians
administer appropriate anti-cancer drugs for patients and assist pharmaceutical industries in guiding

patient omics-specific drug design and development.

Keywords: Cancer Drug Response; Precision Oncology; Deep Learning; Multi-omics; Graph Neural

Network;
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¢ TIVATION

T SERP

Many traks & srror, and time & cost-consuming

Beep Learning Approach
= .
@@ =

Prasem g

Bduce failures, and save time kcost

« The precision oncolagy process for
cancer therapy requires advanced tools,
time, and considerable costs with
unexpected failures.

&

Motinclude fanctional
s of drugs

« Previous models did not achieve an
adequate information involving the
functional groups of drugs.

To develop a deap learning model Basod on
hybrid graph attention netwarks for
predicting cancer drug response, -1a(IC,q)
by using chemical structures with
molecular fragments and multi-omics data

CTIVE

[5 [ N

RS-

ABsT{

CaNCer is an emerging non-communicable disease that is causing
casualties worlgwide. By 2020, there were approximately 19.3 million
now cases of cancers and over 10 million cancer deaths. Pracision
medicine, a form of therapy that is genetically tailored te the patient, has.
played an important role in cancer treatment as everyone has unique
omics data that influence distinctive drug respanses. In general, precision
oncology emplays a patient's genetic profile to test against various drugs.
to discover the most effective drug. Howewer, this process requires.
advanced tools, time, and considerable costs, Deep learning is a useful
technique for reducing the drug administration failures, cost, and time,
required to provide the drug to patients throughout the treatment. Most
previous deep learning approaches implemented molecular structure of
drugs and omics data to prediet eancer drug responses. Nevertheless,
these madels o not eonsider the functional groups of drugs, which is
crucial for drug design and development. We herein developed the
CANDraGAT, a deep learning model for predicting cancer drug response
(IC,;) based-on hybrid graph attention networks (GAT). We employed
chemical structures containing molecular fragments (motif) and multi-
omics data 1o Improve the model accuracy.

The result shows thal CANDraGAT model with gene mutation
outperforms state-ol-the-art and baseline methods (GCN, GAT, and
DeepCOR) for predicting cancer drug response (RMSE = 1.4399 + 0.0011
and Pearson correlation coefficient = 0.8988 + 0.0002). Our model also
has the power ta anticipate unknown cancer drug response values that
are consistent with protain-protein interaction and gene set snrichmant
analysls (GSEAY o cancer pathways. Our strategy uny\mcam\y contrbstos
to cancer drug
a result, more patients will have access to high- quahly thorapy, tharoforn
reducing cancer disparities. Additionally, our approach may poter
patients’

VIDYASIRIMEDH!

Hybrid Graph Attention Networks Toward the Drug Sensitivity
Prediction for Precision Oncology Using Molecular Structure
and Pharmacogenomic Data

Pawit Kaewnuratchadasorn?, Nattawin Yamprasert1, Wutthipong Chongchareansantil, Bundit Boonyarit?

1 Mahidel Wittayanusorn School, Nakhon Pathom 73170, Thailand
2 School of Information Science and Technology, Vidyasirimedhi Institute of Science and Technology (VISTEC), Rayong 21210, Thailand
3 Department of Chemistry, Mahidol Wittayanusorn School, Nakhon Pathom 73170, Thailand

ODOLOGY

1  Data collection

« Download mulii
data from Cancer Cell Line Encyclopedia (CCLE}

mics profiling and drug sensitivity

* Collect simplified molecular-input line-entry system

(SMILES) of drug molecules from PubChem

2 Data preprocessing ‘ ’

Drug sensitivity dataset:

« Foaturize molocule with RDKit package

* Filter off salt compounds

* Remove outlier values outside 1.5 times of
interquartie range (1QR)

3 Model construction

* Optimize model hyperparameters with Bayesian
method

+ Train CANDraGAT model with available
drug and cell line on datasat

s of

« Evaluate training process and early-s10p
if necessary

4 Model evaluation ‘

+ Compare our developed model
ith baseline models (DeepCDR, GEN, and GAT]

* Root-mean-square error (RMSE) and Pearson’s.
corrolation coutticlent aro two main metrics used,
mean-square error (MSE) a3 & oss function

 Fill blank cells with a. line *+ Perform ablat features
* Select cell lines existing in every omics datasat + Predict unknown drug resgonse valuos, select
top drugs with highest and lowest valuss, and
validte by protein-protein interactions and gene
sot envichmant analysis (GSEA)
*a L]
oo - o0

Sarote Boonseng?

Lts & Discussion

MODEL PERFORMANCE

& baseline madels

CANDraGAT 14311500054 14870100075 145292 0.0054
DespcoR 14966400047 14810500110 146852 0.0150
Gen 15067200097 15369200077 149662 0.0047
AT 20577800298 18854200290 18400200259  0.83760.0047

From the Table 1, the rosults indicate that our model (CANDraGAT) has a high
competeney against other bascline methods on test set (RMSE = 1.4519 £ 0.0054 and
Pearsan's cerrelation coefficient =
and GAT model. We also investigate further into model prediction performance
comparing the prediction and the Eround truth values on test set using scatter plot.
The marker lies on a linear diagonal trend, which could be interpreted that our model
performed effectively.

cTED REFERENCES

an, w.,

tay, R., & Jaakkols, T. (2018, Juy). Junction 1red variaticns

awtencase fo melscula
2332)

Liu, @, Hu, Z, Jang, R., 6 Zhou, M. (2020 DnepLDll a m’n'2vm1c1mmulmnalnsmm‘m

sm.n,_ M umu. Pushing the boundaries of

o 2. w;mgn Lo, Zhong, F. Wan, X, U.X..
for s, Journal of

‘nedii wme-m;.-y 431

), B749-8750.

0.6972 = 0.0008), sutperforming CeepCOR, GCN,

ABLATION ANALYSIS

143991 0.0011
1.8523£0.0018
14576+ 0.0047
14600+ 0.0031
14284+ 0.0030

ene mutai

DHA methylation

gm0 axpressian

copy number variation

pae mutaion
s e

gene

fomaid 1.8259.£ 0,0060 0497900099

The results from Table 2 suggest that gene mutation has the mest
contribution 1o our model. This novel molecular representation can
recognize molecular fragments and achieve the best predictive
performance for cancer drug respanse prediction.

-z

Overall, the medel calculation of drug
response values (Figure 3) B slightly
different from the actual values by 0-1
unit, with @ fow by 2 units. Only a
portion of the calculation results has
residuals rising to 6 units.

According 1o the plot (Figure ), the drugs with the highest and lowest
effectiveness are bortezomib and AICAR, respectively, To validate
results, the protein-protein interaction and gene set enrichment anal
(GSEA) of cancer pathways was perfarmed.

From the Figure 5, bortezomib has a rohust performanca to treat cancer,
corresponding 1o our predicted result that bortezomib has the highest
cancer drug response. Besides, the analysis also demonstrate that the
anti-cancer property of AICAR s only a side effect from AMPK-mTOR-56
K1 signaling. Therefore, the cancer drug respanse of AICAR is minor,
corresponding ta our predicted result that AICAR has minimum cancer
drug respons.

LUSIONS

In this project, we developed a deep learing model, CANDIaGAT, to
predict cancer drug response values based on multi-omics data and drug
malecule feature. The integration of fragment-based gragh attention
network and junction tree was employed on drug data. In compliance
with multi-omics, the fully connected network and convolutional neural
network algarithms were applied. Our model performs a high
competence with RMSE and Pearson's correlation coefficient on a test
set of 1.4519 + 0.0054 and 0.8972 + 0.0008, respectively,
madels, namely DeepCOR, GN, and

Zhang.2.,
for mlmarmmw prodicticn. Bioinformatics. 1-7.

1), FraGAT:

GAT. Moreaver, the ablation analysis reveals that gene mutation has the
mast contribution to our modsl. Furthermors, our medel affectialy
predicts unknown cancer drug response values that are consistent with
protein-protein interactions and gen set enrichment analysis (GSEA) of
cancer pathways. Finally, our model may patentially help in conducting
pationts’ omics-specific drug design and development.

wen: 3n1sszynsinguain/nmeie/msns/uaugii/nsn/ald uaslaldgamivayuiivangdusuuuuiia
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Machine Learning Assisted Biomarker Discovery for Lung Cancer
Diagnosis Based on Multi-omics Data

F Wongp 1, Phurivet Methmaolee?, Bundit Boonyarit2, Theerawut Chantapant

1Princess Chulabhorn Science High School Mukdahan, Mukdahan, 49000, Thailand
25chool of Information Science and Technology, Vidyasirimedhi Institute of Science and Technalogy (VISTEC), Rayong, 21210, Thailand

@ MOTIVATION

U-OMICS Architecture ——m—m————————=9

Protproten  Graph Noura Network.
Indaraciion netwerk

————— Biomarker by Cancer Screening ———————
& U-OMICS performs a high pradictive
pérformance, outpérforming bassline
.:.'::'.; tiomscs 3 iy
U-OMICS with unsupervised pretraining
e for gene expression and mutatian, and
\ = ’ usleg GAT for PPT mumw cancer
o Goep Heurai Natwors e recovery

[=3

Young Sclentist Competition

5YCSU00562T

" Deep Leaming for Cancer Biomarker Discavery ————

g@* >y » @ -»55»

Mi-amies

Concatenata layer U-OMIES discovers potential cancer driver
genes corresponding to the Kaplan Meier

plot, gene expression analysis, gene-gene
interaction network, and literature search

etk T N-OHICS ovrrcameas el Wieled
p hewral network and ting.

dataset challende for pr
ancer il gaes of g e,

e

L Swoitmomsis: |
L ung cancar Y taun-omics §

samate
Collectian Loy

Reduces failurs, and saves time & cost
teta for discovering rovel

+ Existing LUAD and LUSC biomarkers for
g cancer are Insufficiently abundant and
the differences between LUAD and LUSC
lung cancer cells have not been clucidated.
« The sample size of labeled data is limited
ta materialize the power of deop learning

e

baa

3 Pretraming woth umiabeled camces v geme dats 2. Trsining with abeied cancer driver ene data

G ESULTS & DISCUSSION

LUSC: Lung Squamous Cell Carcinoma

LUAD: Lung Adenocarcinoma

IS

o Table 1. settings and b on  Table2, Model performa parison of LUSC dataset by diffe ings and basaline models on
Conct e Pl the test sot with GAT technique
D tene Mutromesdas m,"?’..':"m"'_..n'“ G oo g )
e etk s gopn | gura peeaction () Tabreed
AT I e [ e TR JCEe P fpme | e
X 07520032 074320013 077610010  0770:0028  074920.013
084820007  07B6:0035  0J60:0.015 0800:0013 077040075  0719:0.036
076240010 063310049  0693:0.020 0773:0010 077010050  0882:0.023
= 0860:0012 086740042  0784:0.018 060910008 067020047 063720027
= 0840:0010  0824:0048 076250015 078610016 0685:0085 06600025
2 0.88420.008 76:003  0760-0.018 0783:0.019  0570:0.072 065620020
£ 07500013 07520035  0705:0.077 089250014 0988:0.016  0742:0.050
METHODOLOGY 2 085010010 0673:0053 050020000 085020010 087320083 071310039
<
,§ 060310021  00C3IT0006 050120003 Support e et 0204:0050  0061:0023 045720021
06310014 031120028 062620015 K-nearest neighbors 0624:0014  0153:0028 054820013
1_[DBES Cop SCu R PepRIMtin 5 0.499:0000 100020000  0.50040.000 Multitayer 0.450:0004  1000:0000  0.5000.000
TCGAL it i i st 0824+0014  0174+0031 058220016 eXisome Cradins Bccsting 05970030 001820074 050520.007
0 mutation, of LUAD and LUSC by The Cancer T uAD v settings and baseline models Tabla d. po LUSC dataset by g5 and
..! BioPortal Gerome Atas (TCGA)and cancercel e on the test set with GCN tachnique
R |___vomessetings |  Peformance |
/ one lovel &) and non-driver genes (driver gene o . e T AT TS
evel 0} for LUAD and LUSC retrieved from Oncovar :
Na 071010012 0643:0059 08600017 083620011 | 0752:0057 074920020
e No 0740:0013 05800079  0.66720024 0.781:0019  0733:0062  0.673:0.087
pvesi ] No 076510011 0£43:0108 065820030 075010016 075210038  0681:0.030
+ Dibver JA0a 1oved 1-3 dada il 00 woknoun ndaied Yos. OBE940.008  0000:0.034  077510.010 075550013 078260041  0.68920.020
ok, appiled in uslencun procct Yes 083610009  0814:0087 074210018 0589:0011  0.449:0057 055420015
 Protein-protein interactions (PP) data for cancer Yes 081620011 067120080  0.576:0046 061010015 0.830:0080  0.711:0027
7 STRING et networkof strin stasse revevea tom ves “ 074820010 060020058 073520022 074810010 060020058 067820022
e
sl Do 7 Suppart vector machine 0603:0021  0003:0006 050120003 : 0.457:0,021
2 cablociiindypiusil K-nearast neighbors 063120014 031120028 062620015 rost neighbors 062420014 015310028 0546:0.013
Multlayer perceptron 0.489:0000 100020000  0.50040.000 Multlayer perceptron 045910004 100010000  0.500:0.000
LB o o DATANAIA | [LOTMMIOM OMISO0NT iirame Orctont Boosthg BTN | OOMSDNE  OBIBMET
i ratogy
e, Tables 1-4 demonstrate the performance of U-OMICS compared to baseline models on classification tasks using AUROC, recall and balanced accuracy for LUAD and LUSC,
o 30

respectively. For LUAD, using a pretrained model with PPI and Deepwalk (dimension = 1) exhibits the best performance. While LUSC using a pertained model with PPI and
Deepwalk (dimensian = 4) shows the best performance against other madel settings. Moreover, the best U-OMICS models of LUAD and LUSC outperform traditional machine
learning models. In Figure 2 and 3, our model reveals potential cancer driver genes for LUAD & LUSC biomarkers (NFATCZ, JAK1, and BMPRZ for LUAD, and IGF2R for LUSC).

L E@4 4@

Cunsfication

=
[recr]
[

riphcates 5 ol crsss wabdation)
it tha stanciars devasan.
5% contdance ntervall

Regression

=]
N

curve for

o

=
e,

Figure 2: (A) Top 15 gene-gene
teraction network of LUAD and

vmhnn‘ozgm\ehnmismnm % 1
ormal and cancer call laf)

esiiomrustramachuim s O

the (B) NFATe2, (C) JAKL and | =

(01 BMPRZ .

The literature review supported that:

+ The NFATc2 protein has an increased expression level in the
LUAD, and in the absence of NFATc2 protein expression, it
causes igenesis and ibi

+ JAKA protein expression was significantly downregulated in
NSCLC compared to normal cells. JAK1
biomarker for LUAD, especially in male patients with N2
stage.

+ Activation of STAT3 promotes the transcription of the
BMPR2 gene, inhibiting apoptosis.

Figure 3: (4) Top 15 gene-go
network of LUSC and (8} Vialin plot gene

expression of normal and cancer cells (ief)
and Kaplan Meior plot (ight) of the IGF2R

The literature review supported that in NSCLC lung cancer
patients, high IGF2R expression is a better biomarker than low
IGF2R expression. Inhibition of IGF2R activity leads to cell
proliferation, invasion, and reduced apoptosis.
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Sawasdee-AMP: Highly efficient, portable and low-cost point of care test kit o

for future emerging RNA/DNA disease diaghosis
Kulpatc ananam, Kunat Khongtong, Pakitta Kriangasame — Mahidol Wittayanusorn, Nakhon Path Thailand

Scientific Question Data Analysis & Results
+ How can we comprehensively deal with the spread of both harmful DNA ¥ A 5-min, equipment-free sample preparation. 96% retiability 4-6X
and RNA diseases? ) . compare to RT-PCR Faster
. . . N v 10X higher sensitivity than the standard RT-PCR compasta
+ How canwe create a telst kit which has high rellabll.lty_ as RT-PCR but also New pH-sensitive dye formulated with a visible
can use in field tests without complex laboratory equipment? Blue-to-Green shift for Negative-to-Positive - +
- . results and 96% result accuracy. # Novel IR ICA |
Coronavirus, Complicated L n . New
an RNA-type virus, has spread widely around . 4-5 hours in laboratory v A $5 portable test box providing nearly efficiency Test Kit el
he globe. In additic RNA-t viruses, H dye KMF
e R TEE T P compared to PCR machine.
- WHO $50-150 for each diagnosis v Easjly be adapted to diagnose DNA and RNA in CIeIEI000K heor
6.5% sHsns osiedine sras RT-PCR - various types of pathogens. 5-10X reduction
Wordwige  IIEIIEIH gernind e T e e o
Methodology Interpretation & Conclusion
S dee-AMP » - i - .
awasdee - Develo'pmem of Sawasdeg AMP test kit “Sawasdee-AMP” Novel Colorimetric Test Kit was successfully developed.
@ - o+ ﬂ > Rap'::i D';'fA/RNA extraction. = Can be adapted to diagnose DNA and RNA in various types of pathogens.
- » Highly efficient DNA/RNA detection: - . o " f ~
SR | B | Formulate new pH-sensitive dye & High rellablllly.(96.0(.)/u compared wntrj standard RT-PCR).
e combine it with LAMP to establish = Cheap-Proactive Point of care Test Kit
colorimetric test kit with visible readout. R
Sewasdee-AMP | ([Tosted » Portable test box:
" SARS-CoV-2 (COVID-19) N . )
s PCR machine alternative for on-field v High reliability
v Phytoplasmas (PM) application.
» Applicability of Sawasdee-AMP: Sawasdee-AMP is a Novel Prototype Test Kit
Proving the capability of minimally modified Sawasdee-AMP as a platform | that is ready to deal with emerging diseases in the future.
to detect other pathogens specifically.

All graphics/charts/images were created by the finalists
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Bob Pendulum Oscillat

1kh hamn

Wind is a common cause of many nonlinear oscillating pendulum systems in nature.
Sometimes this oscillation damages structures such as the Tacoma Narrows Bridge,
which collapsed due to vibration caused by wind in the 1940s

Therefore, oscillation due to the wind is related to the safety of everyone's life.
What does the oscillation of a pendulum with constant air currents

look like in a 2-D plane? v

Does a mathematical model be created using physics
and mathematical analysis to explain this oscillation?

6=0
Schematic diagram of the force acting on
the pendulum.
Methodology
Find the equation of metion using torque equation.

Analyse the stability from the
equations by linearization
through eigenvalues

Do an experiment to find Drag coefficient
and viscosity coefficient

create mathematical model on
wolfram mathematica

Perform motion tracking of a
real oscillation.

comparative analysis

auuny pum up
wnnpuad gog

All pictures were created by finalist

nder Air Flow: An Experimental And Numerical Investigation
) ailand

nd Data Anal

Stable critical point .0 = (tan™ [pdcv? + 25 v].0)

>
o

1 ¥ Angular velocity - Time
Ll

Angle - Angular Velocity - Time

PHYS064

in type of Inward spiral or Sink which
corresponds to the actual results

wind forces at various wind speeds
drag cofficient (C) = 0.516
viscosity coefficient (k) = 1.04 x 10 kg/s

The experimental results were consistent and close to

numerical results showing that type of critical point is

Numerical Results
Actual Experiment Results @

Conclusions

The equation of motion of bob pendulum
oscillation under air flow
8+ sin0 + - (01 - veos0) - ij pACe(0lcosd — v)°cost = 0

Where p is the air density, A is the pendulum cross-sectional area, ¢ is
drag coefficient k is viscosity, | is length from fixed point to C.M., m is
bob mass, u is relative velocity between object and air flow,

The system is a stable and the motion is
damped oscillation.

Wind not only makes the system oscillate, it can
also reduce it

The experimental results , the mathematical
model and the stability analysis are consistent.

inward spiral match with stability analysis

Fulure Applications

‘Be a fundamental single body
knowledge that can be applied to
describe the pendulum ocillation
due to wind in nature

-My work can be applied to develop
a damper to reduce vibration. Fluid
flow not only oscillate system ,but
fluid flow with suitable velocity can
reduce the oscillation better than
the static fluid, so it may be applied
to optimize dampers by using fluid
flow.

WaBLwA: 3501555 YAsAngUAIW/Mnans/ms1e/wugli/nsiwdalh Wuguuuupndslansenidnldnuugn

N1159M11137laa15ANAYIU (Video Demonstration/Simulation/Animation)

Tdaindalannualaiu 1 w1 (mindl)
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Figure 1: Lava the sled dog.
Note. From Lava [Photograph], by Denali National Park and Preserve, 2013, Flickr
(https://www.flickr.com/photos/denalinps/8639280606/). CC BY 2.0.

B) M1358U81984 lnalds1ans91989

Figure 1: Lava the sled dog. [1]

Graphic Reference List:
[1]1 Denali National Park and Preserve. (2013). Lava [Photograph]. Flickr.
https://www.flickr.com/photos/denalinps/8639280606/

f1aE19NTI5TEYIASANNS AN WUUTN 2:

AMNEE/FUNN/uRUE/N5IW/m1519/1alA NasrsguieslagtinEey

Projects

120

80
60
40

20

BEHA S—
CELL n—

PHYS I —
PLNT —
SOFT —

uuuuuu

[ B ]

(=}
ANIM

BCHM —

ENBM o —
ROBO | —
TECA

TMED o —

MATH —
MCRO —

BMED

Figure 1: Number of projects per ISEF category.
Graph created by finalist, 2024.
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Figure 1: Schematic of USB Interface
Graphic created by finalist using Altium Designer, 2024.
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Figure 1: Finalist Assembling Circuit Board
Image taken by finalist, 2024.
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Figure 1: Finalists Building Electronics Interface Unit
Image taken of finalists by finalist’s parent, John Doe, 2024.

91994:
https://sspcdn.blob.core.windows.net/files/Documents/SEP/ISEF/2025/Fair-Network/DS-Graphic-Credit-Guid
ance.pdf
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Facebook: YSC Thailand Fanpage | Instagram: @YSCThailand | YouTube channel: YSC Thailand
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